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(71) We, INSTITUT NEFTEK- 
HIMICHESKOGO SINFEZA IMENI A.V. 
TOPCHIEVA AKADEMn NAUK SSSR of 
29 Leninsky prospekt USSR; MOSKOVSKY 
ORDENA TRUDOVOGO KRASNOGO 
ZNAMENI INSTITUT NEFTEKHIMI- 
CHESKOI I GAZOVOI PROMYSHLEN- 
NOSTI IMENI AKADEMIKA I M. 
GUBKINA, of 65 Leninsky prospekt, 
Moscow, USSR; VSESOJUZNY 
NAUCHNO - ISSLEDOVATELSKY I 
PROEKTNY INSTITUT NEFTEPERER- 
ABATYVAJUSCHEI I NEFTEKHIMI- 
CHESKOI PROMYSHLENNOSTI of 32 
ulitsa Fridrjkha Engelsa, Moscow, USSR, 
GORKOVSKY FILIAL VSESOJUZNOGO 
NAUCHNO - ISSLEDOVATELSKYOGO 
I PROEKTNOGO INSTITUTA VNIPI- 
NEFTI of 147a, ulitsa Gorkogo, Gorky, 
USSR, all state enterprises organised and 
existing under the laws of the Union of Soviet 
Socialist Republics (USSR), do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

This invention relates to methods of purify- 
ing crude petroleum and primary refinery pro- 
ducts, such as gasoline, jet fuel, diesel fuel, 
boiler oil and a wide cut from atmospheric 
and vacuum still distillation, from sulphur 
and sulphur compounds, nitrogen- and 
oxygen-containing compounds and naphthenic 
acids. 

The primary refinery products, after being 
purified, find widespread use as blending 
stocks for motor fuels, as jet fuels, boiler oil, 
and also as catalytic cracking feedstocks. 

The presence of sulphur impairs markedly 



the performance characteristics of motor 
gasolines, jet fuels and diesel oils. Active 
sulphur compounds, such as mercaptans and 
hydrogen sulphide, are highly corrosive agents 
so that their presence in fuels is not per- 
missible. Inactive sulphur compounds, such as 
disulpfaides, sulphides and thiophene, when 
present in fuels cause no corrosion of fuel- 
feed systems, but form, in the course of fuel 
combustion, highly corrosive combustion pro- 
ducts which are also detrimental in that they 
pollute the atmosphere. 

The employment of sulphur-bearing fuels 
reduces the engine life as a result of rapid 
wear of principal engine elements and also 
effects adversely engine efficiency. 

In this specification and in the claims 
"crude petroleum" describes petroleum after 
it has been dewatered and desalinated, in the 
form in which it is supplied to still distilla- 
tion furnaces, and "primary refinery products" 
are straight run gasoline, jet fuel, diesel fuel, 
furnace fuel and wide cut from atmospheric 
and vacuum still distillation. 

Nitogen- and oxygen-containing compounds 
and naphthenic acids diminish fuel stability in 
storage due to gum formation, so that it is 
current commercial practice to carry out 
catalytic hydrofining of diesel oil, kerosenes 
and sometimes also of gasolines having 
medium and low content of sulfur. However, 
diesel oil hydrofining results only in the 
removal of mercaptans and in total sulphur 
diminution, the content of nitrogen- and 
oxygen-containing compounds undergoing no 
appreciable decrease, while the hydrofining of 
low-sulphur gasolines and kerosenes provides 
for an adequate removal of mercaptans, but 
exerts practically no effect on the total 
sulphur content. 



Hydrofining involves the destruction of 
organosulphur compounds accompanied by 
the formation of hydrogen sulphide. However, 
sulphur compounds containing chemically- 
active functional groups could be used as 
valuable raw materials in the preparative, 
synthetic and engineering fields of chemistry 
if a convenient method of isolating these com- 
pounds was available. 

On the other hand, more stringent require- 
ments as to the maximum permissible con- 
tent of sulphur compounds in commercial 
petroleum products necessitate carrying out 
on an increasing scale the hydrofining of 
petroleum products, such as low-sulphur pro- 
ducts, However, existing refineries possess, 
for the most part, limited facilities for 
petroleum product hydrofining, and moreover 
a scarcity of hydrogen prevents the capacity 
of hydrofining units from being expanded. 

The situation outlined hereinabove 
demonstrates the necessity for developing 
methods for purity petroleum distillates of 
sulohur compounds. 

No method has heretofore been available 
for the simultaneous removal of sulphur, 
sulphur-containing compounds, nitrogen- and 
oxygen-containing compounds and naphthenic 
actds from crude petroleum and primary 
refinery products such as gasoline, kerosinc, 
die*el oil, fuel oil and boiler oil. 

Our Patent No. 1,401,828 describes and 
claims a method of increasing the octane rat- 
ing of petrol, which is a secondary refinery 
product, comprising mixing together petro! 
and a complex compound of a lower-valency 
transition metal, the complex compound being 
selected from transition metal carbonyls, com- 
plex compounds of transition metal com- 
pounds with n-type ligands and complex 
compounds of transition metal salts with 
strong reducing agents, heating the resulting 
mixture in a non-oxidising environment and 
separating the target product from the heated 
mixture. Such treatment removes dieae 
hydrocarbons from the petrol. 

It is an object of the present invention to 
provide a method of purifying crude 
petroleum and primary refinery products 
(virgin stocks) or sulphur, sulphur com- 
pounds, nitrogen- and oxygen-containing 
compounds and also of naphthenic acids 
which will make it possible to dispense with 
the conventional step of caustic treatment and 
subsequent hydrofining of said stocks or to 
avoid the purification process involving the 
use of oxygen-containing gases and aqueous 
solution. 

According to the present invention there is 
provided a method of purifying crude 
petroleum and primary refinery products from 
sulphur, sulphur compounds, nitrogen- and 
oxygen-containing compounds and naphthenic 
acids, comprising reacting together in a homo- 
geneous reaction mixture crude petroleum or 
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a virgin petroleum stock and a substance 
selected from ^-complexes of transistion. 
metals as hereinafter defined, salts and * 
allylic complexes of platinum metals, and 
carbonyl complexes of transition metals as 70 = 
hereinafter defined in a non-oxidising environ- 
ment, and separating the purified product 
from the reaction mixture. 

Preferably the treatment is performed at a 
temperature in the range from 80° to 150°C, 75 
most preferably from 80° to 120°C. 

By the term "transition metals" is meant 
Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, 
Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd and Pt. 

In the course of the treatment, sulphur 80 
compounds (hydrogen sulphide, ' sulphur, 
mercaptans, disulphides and thiophene), a 
part of nitrogen- and oxygen-containing com- 
pounds, and naphthenic acids react with the 
treating substance and form non-volatsle com- 85 
pounds. From the resulting reaction mixture, 
the thus-purified target product may be 
isolated by distillation under atmospheric 
pressure, vacuum distillation or steam distilla- 
tion, the aforementioned' non-volatile com- 90 
pounds remaining behind as still bottoms. 

It is further practicable to isolate the 
purified product by filtering the reaction 
mixture and thereafter' passing the filtrate 
through an adsorbent-packed column contain- 95 
mg, for example, silica gel, alumina, alumino- 
silicate, zeolite or activated charcoal, or filter- 
ing the filtrate through a thin bed of an 
adsorbent such as those specified above. Other 
suitable separation techniques include centri- 100 
fugation and sedimentation. 

In order to separate the purified product 
to maximum possible degree, it is expedient 
to treat the reaction mixture with a chelating 
agent which reads with unconverted organo- 105 
metallic compounds to yield non-volatile and 
insoluble (in the petroleum products) com- 
pounds, thereby providing for a more com- 
plete separation of said compounds from the 
purified product. * jjq 

Irrespective of the separation technique 
used, the metal content in the target pro- 
duct can be reduced to less than 0.0005% by 
weight. 

Suitable-* complexes of transitions metals 115 
are cyclopentadienylmetal carbonyls (Cr, Mo, 
w, Ni, Fe, Mn, V, and Co), dicydopenta- 
dienyls of Cr, Ni, and Co, arenemetal 
carbonyls (Cr and Mo), bts-arcne compounds 
of chromium, oiefinemetal carbonyls (Fe, Co) 120 
and dienemetal carbonyls (Fe, Co). The pre- 
ferred salts or --allylic complexes of 
platinum metals are the salts or ^-allylic com- 
plexes of Pt, Pd, Rh and Ir such for example 
as 125 ' 

RhCU , 3H 2 0, Na.PtCl,, Na 2 PtCi„ 
(C 6 H s CN) 2 Ptci 2 , 

bis - (se - allylrhodium chloride) and bis - 
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(~ ~ allylpaliadium chloride), while poly- 
nuclear Fe carbonyls and also Co, Ni, Cr, Mo, 
Ma and W carbonyls or mixtures thereof are 
the preferred carbonyl complexes of transition 

5 metals. 

Preferable chelating agents are o - phen- 
anthroline, a&' - dipyridyl, acetylacetone and 
other £ - diketones, and other chelating 
ligands capable of yielding strong complexes 

10 with the appropriate metal. 

In order to effect the purification of 
kerosene or a wide cut boiling in the range 
from 30—35° to 230— 235 °C obtained on 
atmospheric and vacuum pipe stills,' it is 

15 expedient to treat the kerosene or wide cut 
directly as it leaves the pipe still with a com- 
plex or salt of a transition metal, i.e., with 
a rr-complexes of a transition metal, a salt or 
ff-allylic complex of a platinum metal, or a 

20 carbonyl complex of a transition metal, dis- 
solved in kerosene or a wide cut respectively, 
and separating the thus-purified target pro- 
duct from the reaction mixture by filtration 
through a bed of ferric oxide and alumo- 

25 silicate adsorbent taken in a 1 : 5 weight ratio. 
To isolate the purified product, use can 
also be made of any technique described here- 
inabove. 

The treatment yields hydrocarbon mixtures 

30 which are completely free of H 2 S, S, 
mercaptan and disulphide sulphur, while the 
content of total sulphur in the mixture is 
decreased substantially (on the average, by 
a factor of from 2 to 6), and the concentra- 

35 tion of nitrogen- and oxygen-containing com- 
pounds, naphthenic acids and other reactive 
admixtures diminishes by 20 to 50%. 

The removal of the aforementioned im- 
purities enhances significantly the market- 

40 ability of the thus-treated petroleum products 
owing to improve odour, colour stability and 
gum formation resistance characteristics. 

The method of the present invention is 
superior to previously-proposed processes by 

45 making it possible to carry out in a single 
stage the removal of sulphur, sulphur com- 
pounds, nitrogen- and oxygen-containing com- 
pounds and naphthenic acids from petroleum 
and primary refining products, dispensing 

50 with the use of hydrogen and catalysts, avoid- 
ing the step of pretreating the petroleum 
products with, a caustic solution, obviating the 
necessity of using aqueous alkalines in the 
couse of purification, and involving no con- 

55 sumption of large quantities of oxygen-con- 
taining gases and other strong oxidizing 
agents. The present invention provides a sub- 
stantial economic effect as petroleum product- 
purification can be carried out as a single- 

60 stage process employing relatively cheap re- 
actants. Another advantage of the present 
method is associated with the fact that organo- 
sulphur compounds do no go to waste, but 
can be recovered for subsequent utilization in 

65 the petrochemical industry. For example, 



where use is made of a column packed with 
an adsorbent to separate the purified target 
product, the adsorbent can thereafter be 
washed with a solvent, such as an alcohol or 
acetone, and the resulting solution of the 70 
complexes concentrated, treated with acids, e.g. 
HC1, and subjected to distillation which yields 
a mixture of mercaptans that can be utiliied 
as desired. 

The present method for the purification of 75 
hydrocarbon mixtures may, for example, be 
accomplished as follows. 

The petroleum products to be purified are 
placed, together with a reagent (transition 
metal ^-complex or salt), sn a vessel furnished 80 
with a reflux condenser to form a homo- 
geneous mixture, and the mixture is heated to 
a temperature of 80— 120°C and maintained 
at this temperature for a period of from 15 
minutes to 2 hours, followed by separating the 85 
purified target product by a conventional 
technique. When purified target product 
separation is effected by means of a chelating 
agent, the latter should be introduced into a 
hot or a cooled reaction mixture, which is next 90 
heated to a temperature of from 100° to 
200°C and maintained at said temperature for 
a period of from 1 to 8 hours. Next the re- 
action mixture is filtered or distilled under 
reduced pressure or with steam b order to 95 
separate the purified target product. 

The accompanying flow sheet illustrates 
schematically the present method for the con- 
tinuous purification of petroleum products. 
Kerosene 1 or a wide cut 2 (initial boiling 100 
point, 30— 35°C; end boiling point, 230— 
235°C), as it ieaves an atmospheric aud 
vacuum pipe still, is directed at a temperature 
of 100 — 120°C to the intake side of a pump 
3 where it is mixed with a solution 4 of 105 
the aforementioned organometallic compounds 
in kerosene or the wide cut, respectively, said 
solution being prepared in a vessel 5. The 
resulting mixture is fed to a filter-separator 6 
and an adsorber-clarifier 7, in which there U0 
occurs the separation of the purified target 
product 8. 

Embodiments of the present invention will 
now be described by way of illustration in 
the following Examples. Qualitative and 115 
quantitative tests for sulphur, sulphur com- 
pounds and nitrogen- and oxygen-containing 
compounds in petroleum products were 
carried out by standard techniques. 

Example 1 120 
250 ml. of straight gasoline not subjected to 
caustic treatment and boiling in the 50— 
150°C range (total sulphur, 0.018 wt.%; 
mercaDtan sulphur, 0,0065 vrt.%, and ele- 
mental sulphur, 0.003 wt.%) is mixed with 125 
0.18 g of pentacarbooyl iron and the stirred 
mixture is refluxed for 1,5 hours. The colour 
of the solution changes from dark green to 
brownish-red. The reaction mixture is then 



allowed to cool to room temperature and 
filtered to separate the precioitate formed, and 
thereafter the filtrate is boiled with 0.2 g of 
<*,«' - dipyridyl until the solution loses its 
5 colour completely. The chelating agent 
generally undergoes complete dissolution and 
then forms a red precipitate. The reaction 
mixture is subjected to steam distillation, and 
the organic layer of the condensate is 

10 separated and analysed for the content of total 
sulphur and mercaptan sulphur, the average 
analysis of the target product being as 
follows, % by weight: total sulphur, 0.007; 
mercaptan sulphur, 0.0003; free sulphur, 

15 none; pH of aqueous condensate, 5.40. The 
copper strip test shows no stains or dis- 
coloration. 

Example 2 
300 ml. of straight gasoline (boiling range, 

20 80° to 140°C; analysis, % by weight: total 
sulphur, 0,043; mercaptan sulphur, 0.0084; 
free sulphur, 0.004) and 0.2 g nicfcelocene 
are heated, with stirring, to boiling for a 
period of one hour. The colour of the solution 

25 changes from dark green to brownish-red. 
Next 0.1 g of o-phenanthroline is added to 
the mixture and beating to 120°C is con- 
tinued for an additional hour. The hot te- 
acu'on mixture is then filtered through an 

30 activated alumina bed. The filtrate is a colour- 
less, clear liquid. The doctor test is negative. 

The gasoline causes no copper strip dis- 
coloration. 

Example 3 

35 500 ml. of straight run gasoline (boiling 
range, 55° to 150°C; analysis % by weight; 
total sulphur, 0.025; mercaptan sulphur, 
0.0071) and 0.3 g of bis(ethylbenzene)- 
chrornium is boiled, with stirring, for a period 

40 of 20 imnutes, after which 0.1 g of o-phen- 
anthroline is added to the mixture. The re- 
sulting mixture is boikd for 1 hour, and 
thereafter the gasoline is distilled off. The re~ 
suiting colourless clear liquid contains, on 

45 average, 0.008 wt.% of total sulphur and 
0.001 wt.% of mercaptan sulphur. The 
copper strip test shows no stains or discolora- 
tion. 

Example 4 

50 250 ml. of kerosene jet fuel not subjected 
to caustic treatment (boiling range, from 
140° to 230°C; analysis, % by weight: total 
sufobur, 0.17; mercaptan sulphur. 0,0061 and 
0.23 g of dodecacarbonyliron are heated to 

55 100 C Q with stirring, until the solution colour 
changes from dark green to dark brown. The 
duration of this step is 10 minutes maximum, 
The reaction mixture is allowed to cool to 
room temperature and filtered to separate the 

60 precipitate formed. The filtrate is heated, 
with vigorous stirring, on a water bath with 
0.3 g of o-phenamhroline. The chelating 



a?ent undergoes complete dissolution, there 
forms a red sediment and carbon monoxide 
evolves vigorously. Heating of the reaction 65 
mixture is continued until discoloration of the 
solution is almost complete. Next the reaction 
mixture is subjected to steam distillation to 
croduce an organic layer of a colourless stable 
liquid containing, on average, 0.0087 wt.% 70 
of total sulphur and 0.0004 wt.% of 
mercaptan sulphur. The aqueous condensate 
has a pH of 4.64. The thus-treated kerosene 
withstands the copper strip test (stains and 
discoloration are absent). In the purified 75 
material the content of reactive nitrogen-con- 
taining compounds is decreased by 45% and 
that of naphthenic acid by 27% as compared 
to the kerosene feedstock. 

Example 5 80 
500 ml. of kerosene jet fuel not subjected 
to caustic treatment (boiling range, from 
145° to 220°C; analysis, wt.% : total sulphur, 
0.45; mercaptan sulphur, 0.01 arid a 
mixture of 0.3 g cobalt earbonyl and 0.2 g 85 
of molybdenum earbonyl are heated at a tem- 
perature of 120°C for a period of two hours. 
The reaction mixture acquires a dirty green 
colour. 1 g of oyt' . dipyridyl is added, and 
the resulting mixture is heated for I hour. 90 
On being cooled, the solution is filtered 
through an aluroinosilieate adsorbent. The 
thus-treated kerosene contains, on average, 
0.17 wt.% of total sulphur and 0.0005 wt,% 
of mercaptan sulphur, and withstands the 95 
copper strip test (no stains or discolora- 
tion). 

Example 6 
250 ml. of kerosene not subjected to caustic 
treatment boiling range, 140~226°C; 100 
analysis, wt.%: total sulphur, 0.16; 
mercaptan sulphur, 0.0048) and 0.27 g of bis- 
(cyclopentadienyl) tricarbonyltungsten are 
heated at 100°C for 40 minutes, with stirring, 
and 0.1 g of - dipyridyl are added. The 105 
resulting mixture is heated at 120°C. The 
kerosene distilled off under reduced pressure 
(a water jet pump) is a colourless clear liquid 
havmg the following sulphur content, %■ by 
weight: total sulphur, 0.04; mercaptan HO 
sulphur, 0.00005. The thus-treated kerosene 
withstands a copper strip test (no stains or 
discoloration). 

Example 7 

300 ml. of caustic-untreated diesei oil 115 
(boiling range, from 187° to 355°C; analysts, 

"*Vv : « to i?L su, P hur > L04 ' mercaptan 
sulphur, 0,0076) and 0.3 g of dodecarbonyl- 
iron are heated at 100-1 10°C, with stirring, 
until the dark green colour of the solution 120 
changes to brownish-red. 

Next 0.3 g of c-phenanthroline is added 
and the resulting mixture is heated at 100 C C 
until the brownish-red colour vanishes. The 
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reaction mixture is cooled to room tem- 
perature and Altered through a sintered glass 
funnel with some finely crushed silica gel 
placed thereon. The thus-purified diesei oil 

5 contains, on average, 0.38 wt,% of total 
sulphur and 0,001 wt.% of mercaptan 
sulphur. The content of nitrogen-containing 
compounds and naphthenic acids is reduced 
by 37 wt.% and 23 wt.%, respectively, as 

10 compared to that of charge stock. 

Example 8 
500 ml. of caustic-untreated diesei fuel 
(boiling range, from 200° to 380°C; analysis, 
Wt.%: total sulphur, 1.42; mercaptan 

15 sulphur, 0.009) and 0.4 g of cyclopentadienyl- 
cobalt-dicarbonyl are heated at 110°C for a 
period of 1.5 hours. 0.2 g of o-pheo- 
anthroline are added and the resulting mixture 
is heated to 130°C for about one hour. Next 

20 the hot solution is filtered through an 
activated charcoal bed, the filtrate being a 
colourless clear liquid. The doctor test is 
negative. The thus-purified diesei fuel with- 
stands the copper strip test, no stains or 

25 discoloration). 

Example 9 
300 ml. of caustic-untreated diesei fuel 
(boiling range, from 190° to 360°C; analysis, 
wt.%: total sulphur, 1,20; mercaptan 

30 sulphur, 0.0092) and 0.3 g of powdered 
Rha,.3HjO are heated, while being 
vigorously stirred, at 120°C for a period of 
2.5 hrs. To the hot solution is added 0.3 ml. 
of acetylacetonc, and the mixture is stirred for 

35 an additional 0,5 hour at 100°C and filtered 
through an active alumina bed. The filtrate 
is a clear liquid containing less than 0.0001% 
of mercaptan sulphur. 

Example 10 

40 One litre of crude petroleum (total sulphur 
content, 1,73 wt.%) is heated with 10 g of 
dodecacarbonyliron at a temperature of 150°C 
for a period of 2 hours. 1 g of o-phen- 
anthroline is then added and the resulting 

45 rnixture is heated at me same temperature for 
one hour. Fractionation yields the following 
cuts : 

I, From the initial boiling point to 150°C; 
141 ml.; total sulphur content, 0.019 wt.%; 

50 mercaptan sulphur content, 0.0002 wt.%. 

II. 150-235°C; 185 ml.; total sulphur, 
0.031 wt.%; mercaptan sulphur, 0.0001 
wt.%. 

HI. 24O-350°C; 180 ml.; total sulphur, 
55 0.42 wt.%; mercaptan sulphur, none. 

All the three fractions withstand the 
copper strip test (no stains or discoloration). 

Example 11 
500 ml. of straight fuel oil (pour point. 
60 19°C; relative viscosity at 80°Q 6.S; total 
sulphur content, 0.56 wt.%,) is vigorously 



stirred and heated at 150°C with 1 g of 
dodecacarbonyliron for a period of 2 hours. 
The hot solution is then filtered through an 
alurrurwsilicate adsorbent bed. The resulting 65 
product has an average content of total 
sulphur of 0.2 wt.% maximum. The treatment 
described hereinabove causes no change in the 
pour point, relative viscosity or ash content 
of the fuel oil feedstock. 70 

Example 12 
300 ml. of kerosene (total sulphur, 0.20 
wt.%; mercaptan sulphur, 0.02 wt.%0 and 
0,2 g of bis - n - allylpalladiura chloride) are 
heated at 80°C, while being stirred, for a 75 
period of 2 hours. Subjecting the reaction 
mixture to steam distillation yields kerosene 
containing 0.12 wt.%, of total sulphur and 
0.003 wt.% of mercaptan sulphur. 

Example 13 80 
400 ml, of straight gasoline (total sulphur, 
0.03 wt.%; mercaptan sulphur, 0.009 wt,%,) 
and 0.3 g of mesitylenemolybdenum tricar- 
bonyl are boiled, with stirring, for a period of 
2 hours. Vacuum distillation yields the 85 
target gasoline containing, on average, 0,009 
wt.% of total sulphur and 0,0003 wt.%' of 
mercaptan sulphur. 

Example 14 

250 ml. of kerosene' (prior to caustic treat- 90 
ment, the content of total sulphur equals 
0.23 wt.% and that of mercaptan sulphur 
0.021 wt.%,) and 0.22 g of a maleic 
anhydride-tetracarbonyliron complex are 
heated at a temperature of 120°C for a period 95 
of 1.5 hours. Filtering the hot reaction 
mixture through an alumirsosilicatc adsorbent 
bed yields a colourless clear liquid which 
contains, on average, 0.09 wt.% of total 
sulphur and 0.0007 wt.% of mercaptan 100 
sulphur. 

Example 15, 
300 ml. of diesei fuel (gas oil) containing 
1.2 wt.%, of total sulphur and 0.01 wt.%1 
of mercaptan sulphur) and 0.4 g of cyclohexa- 105 
dieneirontricarbonyl are heated, with stirring, 
at a temperature of 100 a C for a period of 2 
hours, The hot reaction mixture is filtered 
through a silica gel bed. The resulting pro- 
duct contains, on average, 0.27 wt,% of total 130 
sulphur and 0.0005 wt.% of mercaptan 
sulphur. 

Example 16, 
Hot kerosene (mercaptan sulphur content, 
0.0066 wt.%) from an atmospheric and 115 
vacuum distillation unit is passed through 
feedstock heat exchangers and mixed at a 
temperature of 105°C on the intake side of 
a pump with a solution of dodecacarbonyliron 
in kerosene prepared in a vessel, the concen- 120 
tration and volume of the solution being 
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selected so as to obtain in the kerosene to be 
purified a dodecacarbonyliron concentration 
of 0.2 g/1. From the pump, the reaction 
mixture is fed to one of alternately-operated 
filters-separators and thence comes to an 
adsorber-clarifier packed with ferric oxide 
(Fe z Oj) and an aiuminosilicate adsorbent 
taken in a weight ratio of 1:5. The pro- 
perties of the thus-purified kerosene are listed 
in the Table. 

Example 1? 
A hot wide cut (mercaptan sulphur con- 
tent, 0.012 wt. %) having an initial boding 
point of 30— 35 °C and an end coiling point 
of 230—235 °C is directed, after passage 
through feedstock heat exchangers, to the 
intake side of a pump where it is mixed at 



a temperature of 110°C with a solution of 
bis(ethylbcnzene)chromium in the wide cut. 
The solution is prepared in a vessel in a con- 
centration and used in an amount required to 
obtain in the wide cut to be purified a bis- 
(eihylbenzene)chromiuni concentration of 
0.11 g/i. Next the mixture is fed to one of 
alternately-operated filters-separators and 
thence comes to an adsorber-clarifier packed 
with ferric oxide (Fe 2 O s ) and an alumino- 
silicate adsorbent taken in a weight ratio of 
1 : 5. The thus-purified wide cut (boiling range, 
from 30° to 230°C) is next directed to a 
secondary distillation unit for separation into a 
gasoline and a kerosene fraction. In the 
kerosene fraction, the content -of mercaptan 
sulphur is diminished to 0.0003 wt. 0 /,. 



TABLE 



Property 
3. Density at 20°Q g/cm 3 

2. Fraction composition: 
initial boiling point, °C 
10% is collected at °C 
50% is collected at °C 
90% is collected at °C 
98% is collected at °C 

3. Kinematic viscosity, 

a) at 20°C 

b) at 40°C 

4. Smoke point, mm 

5. Acidity, mg KOH per 100 ml. of fuel 

6. Flash point (close-cup test) °C 

7. Initial crystallization point, °C 

8. Iodine number, g per 100 g of fuel 

9. Content of aromatics, wt.% 

10. Thermal stability at 150°C (luring 4 
roin. mg per 100 ml. of fuel 

11. Lower calorific capacity, kcal/kg 

12. Actual gum content, mg per 100 ml. 
of fuel 

13. Sulphur content, wt.% 

14. Mercaptan sulphur content, wt% 



15. Hydrogen sulphide content 

16. NaDhthenic acid soaps 

17. Copper strip test 

18. Content of water-soluble acids and bases 

19. Ash content, wt.% 

20. Mechanical impurities and water 



Purified product 
0.775 

137 
155 
176 
208 
222 

1.30 
5.12 
28 
0.21 
28 
-60 
1.2 
15.6 

6.0 

10,375 

2.0 
0.09 

0.000258 
None 
None 
Passed 
None 
None 
None 



Charae stock 
0.7785 

132 
152 
174 
208 
222 

1.28 
5.194 
26 
0.21 
29 
-61 
1,28 
17 

6.4 

10,355 

1.5 
0.17 

0.0066 
None 
None 
Passed 
None 
None 
None 



WHAT WE CLAIM IS:- 
1. A method of purifying crude petroleum 
and primary refinery products from sulphur, 

70 suiohur compounds, nitrogen- and oxygen- 
containing compounds and naphthenic acids, 
comprising reacting together in a homo- 
geneous reaction mixture crude petroleum or 
a virgin petroleum stock and a substance 

75 selected from --complexes of transition metals 
as" hereinbefore defined, salts and ^-allylic 
complexes of platinum metals, and carbonyl 
complexes of transition metals as hereinbefore 
defined in a non-oxidising environment, and 



separating the purified product from the re- 80 
action mixture. 

2. A method as claimed in claim 1, where- 
in the treatment is performed at a tem- 
perature in the range from 80° to I50°C. 

3. A method as claimed in claim 2, where- 85 
in the treatment is performed at a tem- 
perature in the range from 80°C to 120°C. 

4. A method as claimed in claim 1, 2 or 

3, wherein the treating substance is a -- , 
complex of a transition metal selected from 90 
nickelocene, bis - (ethylbenzene) chromium, 
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bis - cyclopentadienyl tungstentricarbonyl, and 
cyclopentadienylcobaltdicarbonyl. 

5. A method as claimed in claim 1, 2 or 3, 
wherein the treating substance is a salt of a 
platinum metal selected from 

RhCl, . 3H,0, Na s PtCl<, NaJPtCl*, 



(C c H 5 CN) 2 PdCi 2 . 

6. A method as claimed in claim 1, 2 or 
3, wherein the treating substance is a sr- 
allylic complex of a platinum metal selected 
from bis - {n - allylrhodiumchloride) and 
bis-("-aUylpalladiumch!oride) . 

7. A method as claimed in claim 1, 2 or 
3, wherein the treating substance is a 
carbonyi complex of a transition metal 
selected from polynuclear Fe carbonyls, 
carbonyls of Co, Ni, Cr, Mo, W and Mn and 



mixture with a chelating agent at a tem- 
perature of from 100° to 200°C ) and sub- 
„„,:_,, «.t,., reaction mixture to 



20 8. A method as claimed in any of claims 
I to 7, wherein the purified product is 
separated from the reaction mixture by treat- 
ing the reaction mixture with a chelating 
agent at a temperature of from 100° to 

25 200°C, and distilling off the desired product. 

9. A method as claimed in any of claims 1 
to 7, wherein the purified product is separated 
from the reaction mixture by treating the re- 
action mixture with a chelating agent at a 

30 temperature of from 100° to 200°C and 
filtering the thus-treated reaction mixture 
through an acdve alumina bed. 

10. A method as claimed in claim 8, 
wherein the purified product is separated 

35 from the reaction mixture by treating the re- 
action mixture with a chelating agent at a 
temperature of from 100° to 200°C 5 followed 
by steam distillation. 
H. A method as claimed in any of claims 

40 1 to 7, wherein the putiied product is 
separated from the reaction mixture by treat- 
ing the reaction mixture with a chelating 
agent at a temperature of from' 100° to 
200°C, and filtering the thus-treated reaction 

45 mixture through an aluminosilicate adsorbent 
bed. 

12. A method as claimed in any of claims 
1 to 7, wherein the purified product is 
separated from the reaction mixture by treat- 

50 ing the reaction mixture with a chelating 
agent at a temperature of from 100° to 
200°C, and filtering the thus-treated reaction 
mixture through a silica gel bed. 

13. A method as claimed in claim 8, where- 
. 55 in the purified product is separated from the 

reaction mixture by treating the reaction 



60 

14. A method as claimed in any of claims 
1 to 7, wherein the purified product is 
separated from the reaction mixture by treat- 
ing the reaction mixture with a chelating 
agent at a temperature of from 100 to 200°C, 65 
and filtering the thus-treated reaction mixture 
through an activated charcoal bed, 

15. A method as claimed in any of claims 
8 to 14, wherein the chelating agent is 
selected from o-phenanthrolhe, - 70 
dipyridyl and acetylacetone, 

16. A method as claimed in any of claims 
1 to 7, wherein the purified product is 
separated from the reaction mixture by steam 
distillation. 75 

17. A method as claimed in any of claims 
1 to 7, wherein the purified product is 
separated from the reaction mixture by 
vacuum distillation. 

18. A method as claimed in claims 1 to 7, 80 
wherein the purified product is separated 
from the reaction mixture by filtering the 
reaction mixture through an aluminosilicate 
adsorbent bed. 

19. A method as claimed in any of claims 1 85 
to 7, wherein the purified product is separated 
from the reaction mixture by filtering the 
reaction mixture through a silica gel bed. 

20. A method as claimed in claim 1, 2 

or 3, wherein the charge stock being purified 90 
is kerosene from an atmospheric and vacuum 
petroleum distillation unit and the purification 
comprises treating the kerosene as it leaves 
said distillation unit with a complex or salt 
of a transition metal in the form of a solution 95 
in the kerosene, and separating the purified 
product from the thus-obtained reaction 
mixture by filtering the reaction mixture 
through a bed of ferric oxide admixed 
with aluminosilicate adsorbent taken in a 100 
weight ratio of 1:5, respectively. 

21. A method as claimed in claim 1, 2 or 
3, wherein the charge stock being purified 
is a wide cut having an initial boiling point 

of 30— 35°C and an end boiling point of 105 
230 — 235°C from an atmospheric and 
vacuum petroleum distillation unit and the 
purification comprises treating the wide cut 
at it leaves said distillation unit with a com- 
plex or salt of a transition metal in the form 110 
of a solution thereof in the wide cut, and 
separating the purified product from the thus- 
obtained reaction mixture by filtering the re- 
action mixture through a bed of ferric oxide 
admixed with aluminosilicate adsorbent taken 115 
in a weight ratio of 1:5, respectively. 
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22, A method of purifying erode petroleum FTTZPATRICKS 
and primary refinery products substantially Chartered Patent Agents, 
as hereinbefore described with reference to 14—18 Cadogan Street, 

% 0f p ^-H IeS i i t0 17 ' „ , Glas S™ G2 6QW. 

23. Purified petroleum and petroleum pro- and 
ducts obtained by the method claimed in any Warwick House 
of the preceding claims. ' Warwick Court,' 

11011(3011 WC1R 5DJ. 

^^khl^h^T^f f y ) Stmioneo- omce, by the Courier Press, Leamington Spa, 1976. 
Pubh<,hed by The Patent Office, 25 SouShampton Buildings, London, Wc!a i AY, from 
which copies may be obtained. 
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